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GENERAL INTRODUCTION 
The greater need to expand world food production 
stimulated more interest in the use of chemical plant growth 
regulators (PGRs) in agriculture. In 1972, Huffman indi­
cated that sales of PGRs amounted to 17 million dollars, 
and more recent predictions project a 12% annual increase 
in sales of PGRs between 1980 and 1984 (Farm Chemicals, 1977). 
Many commercial PGRs as well as synthetic plant 
hormones have been in use on horticultural crops, vege­
tables and ornamentals for years. Ethylene has been used 
on oranges to induce fruit ripening since the 1920s 
(Denny, 1924) and auxins have been used to stimulate root 
formation on cuttings since the i930s (Thimann and Went, 
1934). The use of such regulators on agronomic crops, 
however, is still in its infancy with only a few PGRs 
applied to the major field crops. Cotton defoliants and 
dessicants, which promote premature leaf abscission and rapid 
drying, are commonly used in the United States to facilitate 
mechanical harvesting (Peters and Blackwood as cited by 
Morgan, 1980). Cycocel (2-chloroethyl-trimethyl-ammonium 
chloride), which is a growth inhibitor of gibberellic acid 
formation, is widely used on wheat in Europe to shorten 
stems and thus allow an increase in yield through higher 
nitrogen fertility without lodging problems (Dicks, 1976). 
Glyphosine (Polaris), another PGR, is used by the sugar cane 
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industry in Hawaii to enhance sugar content (Nickell, 1976). 
The only PGR registered for use on soybeans so far is TIBA 
(2,3,5-triiodobenzoic acid) (Wittwer, 1970). Foliar appli­
cations of TIBA to soybeans at beginning bloom have been 
shown to increase branching, pod set and seed yield (Bauer 
et al., 1969; Greer and Anderson, 1965; Hicks et al., 1967). 
Originally, interest in the synthesis of growth regulat­
ing substances was stimulated by the discovery of naturally 
occurring plant hormones. Auxins, and more specifically, 
indole-3-acetic acid (lAA), have probably received the great­
est attention. Research with auxins led to the discovery 
of 2,4-D (2,4-dichlorophenoxyacetic acid) and its commercial 
application as a highly active organic herbicide with species 
selectivity, as well as a plant growth regulator on field 
beans (Miller et al., 1962) and sugar beets (Wort, 1966). 
In addition, work on lAA led to the development of synthetic 
auxins like a-naphthaleneacetic acid (NAA) which has been 
used to promote uniform flowering of pineapple plants 
(Collins, 1960), as a growth inhibitor of cotton (Singh and 
Greulach,1949) and as a possible inhibitor of monocarpic 
senescence in soybeans (James et al., 1965). 
The subsequent discoveries of other natural plant hor­
mones such as gibberellins, cytokinins and abscisic acid 
led to their commercial application in the field of agri­
culture. 
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Gibberellins, namely GAg, are known to enhance stem 
elongation. When treated with gibberellins, dwarf pea, 
dwarf corn and bush bean plants grew to full size (Nickell, 
1978). GAg has been used to increase fresh weight and stalk 
length of sugarcane (Moore and Buren, 1978; Moore, 1978) but 
its effect on sugar yield was variable. Bull (1964) found 
that the relative effectiveness of GAg treatment on sugar­
cane depended on the cultivar used, the age of the plant, and 
the environmental growth conditions, namely temperature. 
Further, Whitney (1976) found that the effects of low night 
temperatures during the cool season on two tropical forage 
grasses could be reversed by the application of GAg. Pangola 
digitgrass (Diaitaria decumbens) and kikuyugrass (Pennisetum 
clandestinum) dry matter yield reductions were significantly 
decreased by GAg treatment during the cool season in 
Hawaii. 
Cytokinins are also implicated in the regulation of plant 
growth. 6-benzylaminopurine, which is more commonly known 
as benzyladenine (BA), has been shown to exhibit some 
physiological effects similar to those of kinetin, that is 
cell enlargement and division (Powell and Griffith, 1960; Ali 
and Fletcher, 1971; Usciati et al., 1972), leaf growth (Scott 
and Liverman, 1956), retardation of leaf and monocarpic senes­
cence (Leopold and Kawase, 1964; Fletcher, 1969; Lindoo 
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and Nooden, 1978; Nooden et al., 1979), preservation of 
chlorophyll (Adedipe et al., 1971) as well as a series of 
other physiological functions. 
Abscisic acid is also recognized as a natural plant 
hormone and has been recognized as a régulant of several 
plant growth processes such as senescence; abscission of 
leaves, flowers and fruits; dormancy of seeds, buds and 
tubers; and inhibition of vegetative growth (Sondheimer et 
al., 1968; Addicott and Lyon, 1969; Hodge and Sacher, .1975; 
Lindoo and Nooden, 1978). 
Finally, because it occurs as a natural product of 
metabolism, acts in trace amounts in conjunction or antago­
nistic to other plant hormones, and is neither a substrate 
or cofactor in reactions associated with major plant de­
velopment processes, ethylene is considered a plant hormone 
(Lieberman, 1979). The effect of ethylene on various 
aspects of plant growth has been described extensively in the 
literature. The "triple response" of etiolated pea seedlings 
to ethylene is the most striking one (Crocker et al., 1913). 
This response consists of a reduction in the rate of stem 
elongation, an increase in stem diameter and an absence of 
normal geotropic response (diageotropism). Ethylene is also 
known to induce epinasty (Crocker et al., 1932, as cited by 
Lieberman, 1979), leaf abscission (Burg, 1968), flower and 
fruit maturation and senescence, and other physiological ef­
fects associated with ripening and aging in plants (Burg and 
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Burg, 1967). The practical application of ethylene on a 
commercial scale did not get underway until 1963, when a new 
water-soluble slow ethylene-releasing growth regulator was 
introduced. Registered as "Ethrel" and commonly known as 
"ethephon", the compound is 2-chloroethylphosphonic acid. 
Ethephon decomposes spontaneously in aqueous solution and in 
plant tissues to yield ethylene (Moore, 1979). Within a few 
years after its introduction, Ethrel was being utilized ex­
tensively on several fruits and vegetables and was shown to 
stimulate ethylene evolution and abscission in the leaves of 
cotton (Gossvpium hirsutum. L.) (Morgan, 1969). 
The objectives of the studies in this dissertation were 
(1) to test the effect of synthetic plant hormones and ethylene 
action inhibitors on monocarpic senescence and other agro­
nomic attributes in soybeans [Glycine max (L.) Merr.] and 
(2) to measure morphological and physiological changes in 
soybeans in response to foliar applications of a potentially 
useful plant growth regulator (BTS44584, The Boots Company 
Limited, Nottingham, U.K.). 
This dissertation was written and presented following 
the alternate thesis/dissertation format. Each section is a 
separate entity to be published, with modifications, in a 
professional journal. An overall summary follows the last 
section. 
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PART I. PLANT GROWTH MODIFICATION OF FIELD-GROWN 
SOYBEANS [Glycine max (L.) Merr.] TREATED 
WITH SYNTHETIC HORMONES, FOLIAR FERTILIZER 
AND ETHYLENE ACTION INHIBITORS 
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INTRODUCTION 
The phenomenon of monocarpic senescence which consists 
of a single fruiting phase followed by death (Nooden and 
Leopoldf 1978) is displayed by many plants including soybeans 
[Glycine max (L.) Merr.]. During the stage of rapid pod 
fill, soybean plants rapidly degenerate and then die (Nooden, 
1979). There is strong support in the literature to the 
theory that fruits or seeds are involved in the triggering 
of senescence in monocarpic plants (Leopold et al., 1959; 
Wareing and Seth, 1967; Lindoo and Nooden, 1977). The first 
visual manifestation of the onset of senescence is the change 
in the color of leaves (yellowing) followed by their eventual 
shedding (abscission) (Lindoo and Nooden, 1976). Various 
hypotheses have been proposed to explain the fruit-induced 
monocarpic senescence. Among these are the depletion of 
needed minerals in the leaves (Nooden et al., 1978; Sinclair 
and de Wit, 1976) and the theory of hormonal control 
(Lindoo and Nooden, 1978). Foliar nutrient applications of 
N, P, K and S during the seed-filling period produced sig­
nificant increases in yield (Garcia and Hanway, 1976) but 
did not delay the onset of senescence in soybeans (Sesay 
and Shibles, 1980). 
Synthetic cytokinins such as benzyladenine (BA) were shown 
to delay senescence in detached leaf segments (Gunning and 
Barkley, 1963; Hodge and Sacher, 1975) as well as in intact 
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leaves (Leopold and Kawase, 1964; Fletcher, 1969; Adedipe 
et al^, 1971). Synthetic auxins such as a-naphthaleneacetic 
acid (NAA) have also been implicated in the inhibition of 
monocarpic and leaf senescence (James et al., 1965; Hodge 
and Sacher, 1975). Together, NAA and BA can actually pre­
vent monocarpic senescence in soybeans without interfering 
with pod development (Nooden et al., 1979). 
The involvement of ethylene in the control of senescence 
and abscission also was discussed in the literature (Burg, 
1968; Abeles and Rubinstein, 1964). Cobalt salts and free 
radical scavengers like sodium benzoate are effective in 
inhibiting the production of ethylene in plant tissues 
(Kang and Ray, 1969; Grover and Purves, 1976; Baker et al., 
1978). 
The objectives of the following experiments were (1) 
to test if the fruit-induced monocarpic senescence (as mea­
sured by leaf yellowing) can be explained by one or a combina­
tion of the various proposed hypotheses and (2) to study the 
effect of synthetic cytokinins and auxins, foliar fertilizer, 
and ethylene action inhibitors on some agronomic attributes 
in field-grown soybeans. 
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MATERIALS AND METHODS 
Two field experiments were conducted in 1979 at the Iowa 
State University Agronomy and Agricultural Engineering Re­
search Center west of Ames, Iowa, on soil types ranging from 
Nicollet silt loam to a Webster silty-clay loam. The field 
was in a corn-soybean rotation receiving 90 and 155 kg/ha of 
P and K annually. Alachlor at 2.24 kg/ha was used for weed 
control. In both experiments, plots (9.75 m long) consisted 
of four rows with 76-cm row spacings and with an average of 
30 plants per meter of row. Only 8.5 m of the two center 
rows were harvested for seed yield determinations. All 
chemicals were applied after sunset using a 3.8-liter 
portable sprayer with controlled pressure. 
In the first experiment, 'Sloan' soybeans were planted 
on 22 May 1979. The treatments consisted of foliar applica­
tions of NAA (0 and 0.033 kg/ha) at growth stage R2 (Fehr 
et al., 1971), BA (0 and 0,072 kg/ha) at R5, and foliar 
fertilizer (0 and 40, 4, 12 and 2 kg/ha of N, P, K and S, 
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respectively) at R5 in a 2 factorial combination with two 
additional treatments with NAA applied at R5. Treatments were 
randomized in a complete block design and replicated four 
times. NAA at R2 was sprayed in four equal applications and 
at R5 in three equal applications at approximately weekly 
intervals. BA and the foliar fertilizer were sprayed in three 
and two equal applications, respectively, at weekly intervals 
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starting at stage R5 for all treatments. NAA and BA were 
dissolved in ethanol and then mixed in tapwater containing 
0.2% surfactant ("Tween 20")• 
Leaf yellowing measurements were taken three times 
(17, 22 and 25 September 1979). 
In the second experiment, 'Wells' soybeans were planted 
on 17 May 1979. The treatments consisted of foliar applica­
tions of Ethrel, the ethyl ester of 2-chloroethylphosphonic 
acid (0, 4.98 and 9.96 kg/ha) to promote ethylene production 
in the leaves, cobalt chloride (0, 0.64 and 3.20 kg/ha), and 
O 
sodium benzoate (0, 0.37 and 3.70 kg/ha) in a 3 factorial 
combination. All chemicals were sprayed in one application 
at R5 and only 15 of the total possible number of treatments 
were used (Table 4). Treatments were randomized in a complete 
block design and replicated four times. Leaf abscission mea­
surements were taken twice (7 and 14 September 1979). Pod 
color was measured on 14 September. 
Plant maturity in both experiments corresponded to 
developmental stage R8, 
Statistical significance in both experiments was assessed 
using the analysis of variance. 
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RESULTS AND DISCUSSION 
For the first experiment, the main effects of NAA 
(applied at R2), BA and the foliar fertilizer are summarized 
in Table 1. NAA decreased lodging significantly but did not 
affect leaf color, maturity date, height at maturity and 
seed yield. This decrease in lodging agrees with the find­
ings of James et al. (1965) who found that early applica­
tions of NAA caused the plants to develop abnormally large 
and rigid stems due to the hyperauxin effect on growth. 
BA delayed leaf yellowing significantly for all three 
dates, which is consistent with the findings of others who 
concluded that BA retards the fruit-induced leaf senescence 
under controlled environmental conditions (Fletcher, 1969; 
Adedipe et al., 1971; Schreyer and Nooden, 1975). Concur­
rently, BA delayed plant maturity by two days, which was 
statistically significant, and may be explained by the sig­
nificant delay in foliar senescence. Lodging was significant­
ly increased by BA, but no logical explanation could be found 
for this effect. There was no significant BA effect on plant 
height at maturity and seed yield. Similarly, it was found 
by Nooden et al. (1979) that seed yield is not affected by 
simultaneous applications of BA and NAA under controlled 
environment. They attributed this to the fact that the re­
productive capacity of soybeans is fixed prior to foliar 
senescence and, thus, it is not influenced by the same factors 
Table 1. Main effects of NAA (applied at R2), BA and foliar fertilizer on leaf 
color and some agronomic attributes of Sloan soybeans^ 
Measurement 
Leaf color^ Maturity, date in 
Sept. 
Height at 
maturity, 
cm 
Seed 
yield, 
kg/ha Chemical Date 1 Date 2 Date 3 Lodging^ 
- NAA 2.5 3.9 5.1 24.7 2.7a 96.8 3136 
+ NAA 2.4 3.6 4.9 25.1 2.3b 98.6 3160 
- BA 3.1a 4.3a 5 .4a 23.9a 2.1a 97.2 3165 
+ BA 1.8b 3.2b 4.6b 25.8b 2.9b 98.2 3132 
- Foliar 2.5 3.9 5. 2a 24.5 2.4 97.4 3152 
+ Foliar 2.3 3.6 4.8b 25.5 2.6 98.0 3145 
^eans with different letters within the same column and chemical are signifi­
cantly different using the F-test. Values within the same column and chemical with­
out letters were not significantly different. 
Visual ranking: 1 = little or no yellowing, 5 = yellow. 
"Visual ranking: 1 = erect, 5 = prostrate. 
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that induce foliar senescence. 
The foliar fertilizer had no significant effect on any 
of the variables measured except for leaf color taken on 
date 3 where yellowing of the leaves was delayed (Table 1). 
There was a trend for the foliar fertilizer to delay leaf 
yellowing at the earlier two dates but only in the absence 
of BA (Table 2). 
The only significant interactions were the three-way 
interactions between NAA, BA and foliar fertilizer for leaf 
color at date 1 and for plant maturity (Table 2). The inter­
actions were due to little effect of NAA and foliar fertilizer 
in the presence of BA, but in the absence of BA the foliar 
fertilizer and NAA tended to delay maturity and leaf yellow­
ing. The treatment with the greatest delay in leaf yellow­
ing and maturity was the one that consisted of the combina­
tion of NAA, BA and foliar fertilizer. 
A late application of NAA (at R5) in combination with BA 
or with BA and the foliar fertilizer produced a significant 
decrease in plant height and seed yield when compared with 
analogous treatments receiving early applied NAA at R2 (Table 
3). Similar reductions in yield were obtained by James et al. 
(1965) with late applications of NAA and they argued that the 
application of the chemical caused abortion of reproductive 
structures. This abortion may have been due to the toxic 
effect of the chemicals, or to the enhancement of vigor of 
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Table 2. Three-way interactions between NAA (applied 
at R2), BA and the foliar fertilizer on leaf color 
and some agronomic attributes of Sloan soybeans 
Measurement NAA 
_ BA + BA . 
Foliar 
+ 
Foliar Foliar 
+ 
Foliar 
Leaf color,^ 3.4 2.8 1.8 1.9 
date 1 + 3.0 3.0 1.9 1.7 
Leaf color. — 4.8 4.1 3.1 3.5 
date 2 + 4.4 3.8 3.2 2.9 
Leaf color. — 5.7 5.1 4.8 4.7 
date 3 + 5.6 5.3 4.7 4.2 
Maturity, — 22.5 24.8 26.1 25.4 
date in Sept. + 24.0 24.5 25.4 26.4 
Lodging^ - 2.3 2.4 2.9 3.2 
+ 1.9 2.0 2.5 2.9 
Height at — 96.5 95.6 97.2 98.1 
maturity, cm + 98.4 98.4 97.5 100.0 
Seed yield. — 3101 3194 3194 3056 
kg/ha + 3194 3171 3119 3158 
Visual ranking; 1 = little or no yellowing, 5 = 
yellow. 
Visual ranking: 1 = erect, 5 = prostrate. 
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Table 3, Effects of early (R2) vs late (R5) applied NAA on 
leaf color and some agronomic attributes of Sloan 
soybeans^»" 
Measurement Early NAA Late NAA 
Leaf color,^ date 1 M
 
00
 CO H
 
Leaf color, date 2 3.0 3.2 
Leaf color, date 3 4.4 4.5 
Maturity, date in Sept. 25.9 26.0 
Lodging^ 2.7 2.8 
Height at maturity, cm 98.8a 95. 7b 
Seed yield, kg/ha 3139a 2893b 
The treatment means used to compare the effect of 
early and late applications of NAA included only those plots 
that received NAA and BA and those receiving NAA, BA and 
foliar fertilizer. 
Cleans with different letters within the same row are 
significantly different using the F-test. Values within the 
same row without letters were not significantly different. 
"Visual ranking: 1 = little or no yellowing, 5 = 
yellow. 
"Visual ranking: 1 = erect, 5 = prostrate. 
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vegetative portions of the plant, which in turn decreased 
the supply of nutrients available for pod and seed development. 
For the second experiment, the mean treatment effects of 
Ethrel, cobalt chloride and sodium benzoate on the agronomic 
attributes measured are summarized in Table 4. The main 
effects of the chemicals, the interactions and comparisons 
between them were calculated using orthogonal contrasts. 
The F-values for these contrasts are presented in Table 5. 
Both linear and quadratic relationships between the main 
effect of Ethrel and the attributes measured were tested. 
There was a statistically significant positive linear rela­
tionship between percent leaf abscission taken at both dates 
and the effect of Ethrel (Figure lb). The percentage of leaf 
abscission increased in a linear trend with increasing levels 
of Ethrel. These results are in agreement with the findings 
of other workers who found that Ethrel hastens the abscis­
sion of leaves and debladed petioles by direct decomposition 
into ethylene and phosphonate with the release of chloride 
(Warner and Leopold, 1969; Morgan, 1969). This enhancement 
in the loss of leaves may have been the cause for the sig­
nificant decrease in seed yield and lOO-seed weight (Figure 
la). These reductions were in a negative linear relationship 
with increasing levels of Ethrel (Table 5). Similar yield 
reductions were found when Ethrel was sprayed on corn (Early 
and Slife, 1969) and on 'Amsoy' soybeans (Slife and Early, 
1970). 
Table 4. Effect of foliar applications of Ethrel (E), cobalt chloride (C) and 
sodium benzoate (B) on some agronomic attributes of Wells soybeans 
Treatment 
E C 
— kg/lia— 
B 
Leaf 
abscission. % 
Date 1 Date 2 
Pod 
color 
Maturity 
date in 
Sept. 
S 
Lodging^ 
Height 
at 
maturity, 
cm 
Seed 
yield, 
kg/ha 
Seed 
size, 
g/100 
seed 
0 0 0 24.3 63.8 2.2 19.0 1.1 95.4 3519 17.6 
0 0.64 0 21.8 62.5 2.0 19.0 1.1 101.8 3351 17.2 
0 3.20 0 42.5 76.5 2.7 18.0 1.0 95.9 3076 16.3 
0 0 0.37 23.8 82.0 2.4 19.0 1.3 100.7 3375 17.4 
0 0 3.70 25.5 79.5 3.0 19.0 1.2 97.3 3303 17.2 
4.98 0 0 64.0 80.0 2.8 19.5 1.4 99.9 3323 16.4 
4.98 0.64 0 61.5 87.5 2.5 18.5 1.1 100.4 3223 16.2 
4.98 3.20 0 81.3 86.3 3.5 19.0 1.1 96.5 3024 15.7 
4.98 0 0.37 72.3 92.5 3.3 19.0 1.5 101.6 2984 15.9 
4.98 0 3.70 63.8 83.8 3.3 19.0 1.0 98.5 3160 16.5 
9.96 0 0 79.3 91.3 2.5 19.0 1.0 97.2 3064 15.9 
9.96 0.64 0 79.8 86.3 2.4 19.0 1.1 98.8 2928 15.6 
9.96 3.20 0 89.3 94.8 3.1 19.0 1.0 96.9 2824 15.3 
9.96 0 0.37 80.5 84.8 3.0 19.0 1.2 100.0 3040 16.1 
9.96 0 3.70 79.3 89.5 3.0 19.0 1.2 97.9 3072 15.8 
Visual ranking: 1 = green, 5 = > 1/4 brown. 
Visual ranking: 1 = erect, 5 = prostrate. 
Table 5. F-values of some treatment contrasts for some agronomic attributes of Wells soybeans 
Attributes 
Leaf abscission 
Pod ^ 
color 
Maturity 
date 
Height at 
maturity 
Seed 
yield 
Seed 
size Contrasts^ d.f. Date 1 Date 2 Lodging 
E (linear) 1 302.45** 11.48** 1.91 0.15 0.06 0.0 27.39** 31.16** 
E (quadratic 1 26.96 1.37 3.99* 0.14 2.69 1.33 0.05 2.00 
C effect 1 17.26** 1.28 6.15** 0.69 0.27 6.38** 5.31** 3.18 
E X C 2 0.80 0.51 0.08 1.19 0.54 0.56 0.35 0.40 
B effect 1 0.44 0.12 0.38 0.03 6.32** 3.51 0.29 0.01 
E X B 2 0.58 0.39 0.39 0.19 2.47 0.06 0.74 0.90 
C vs B 1 3.32 0.47 1.54 0.88 5.97** 0.81 2.04 3.66 
Ex (C vs B) 2 0.19 0.95 0.02 0.26 0.07 0.15 1.40 0.16 
C and B vs 0 1 1.80 1.22 1.71 0.89 0.01 1.25 8.12** 1.89 
E X (C and 
B vs 0) 
2 0.06 0.69 0.01 0.26 2.22 0.95 0.48 0.19 
= Ethrel effect, C = colbalt chloride effect, and B = sodium benzoate effect. 
Visual ranking: 1 = green; 5 = > 1/4 brown. 
'Visual ranking: 1 = erect; 5 = prostrate. 
*,**Significant at the 0.05 and 0.01 levels, respectively. 
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Figure 1. Seed yield, lOO-seed weight (a), percent leaf ab­
scission taken at two different dates and pod 
color (b) in response to increasing rates of 
Ethrel application 
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A significant quadratic relationship between increasing 
levels of Ethrel and pod color was evident (Table 5). Pod 
maturity was hastened by the low level of Ethrel (4.98 kg/ 
ha)t whereas the high level (9.96 kg/ha) and the control 
exhibited almost similar responses and both displayed a 
delayed pod maturity compared to the low level (Figure lb). 
This response could be explained by the fact that chemical 
growth régulants are concentration specific, thus making 
their use more complex. There was no significant effect of 
Ethrel on plant maturity, lodging and plant height, although 
Blomquist et al. (1973) found that increasing levels of 
Ethrel application to soybeans decreased plant height and 
lodging significantly in several cultivars. They suggested 
that the decrease in lodging may be due to an advancement in 
the time of lignin formation in the internodes which in turn 
might have been caused by Ethrel enhancement of the enzyme 
phenylalanine ammonia lyase, but as Slife and Early (1970) 
argue, the antilodging effect of Ethrel on soybeans will 
only occur at a considerably lower concentration than that 
required for growth retardation. 
Cobalt chloride did not override the effect of Ethrel 
for any of the variables measured. Although there were some 
significant effects of cobalt chloride on percent leaf ab­
scission at date 1, pod color, plant height and yield (Table 
5), this effect was a negative one and may have been due to a 
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toxic effect of the cobalt salt. Leaf abscission measured 
at date 1 was signif icantly enhanced by increasing levels 
of cobalt chloride and pod maturity was hastened mainly at 
the high level (3.20 kg/ha) (Figure 2b). Plant height at 
maturity was significantly increased at the low level of 
cobalt (0.64 kg/ha), but was not affected by the high level 
when compared to the control (Figure 2a). Seed yield was 
significantly decreased at all levels of cobalt chloride 
application. This reduction in yield may have been due to 
the toxicity of the chemical which enhanced leaf abscission 
significantly and could have affected the reproductive parts 
on the plants as indicated by the enhancement of pod maturity . 
Sodium benzoate did not retard the effect of Ethrel 
either, except for lodging where the high level (3.70 kg/ha) 
caused a decrease in plant lodging when compared with the 
low level of sodium benzoate (0.37 kg/ha) and the control at 
4.98 kg/ha of Ethrel (Tables 4 and 5). There was no signifi­
cant difference between the mean effects of all treatments 
receiving cobalt chloride and all of those receiving sodium 
benzoate except for lodging. The cobalt treated plots con­
sistently displayed less lodging than those treated with 
sodium benzoate (Tables 4 and 5). Finally, seed yield was 
significantly reduced by Ethrel, which could be expected 
because of the defoliating effect of Ethrel which was not 
reversed by either cobalt chloride or sodium benzoate. 
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Figure 2. Seed yield, height at maturity (a), percent leaf 
abscission (date 1) and pod color(b) in response 
to increasing rates of cobalt chloride application 
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These experiments showed that simultaneous foliar ap­
plications of two synthetic hormones (NAA and BA), previously 
shown to prevent monocarpic senescence in soybeans under 
controlled environmental conditions (Nooden et al., 1979), 
and foliar fertilizer delayed monocarpic senescence (as 
measured by leaf yellowing) in field-grown soybeans. These 
results could imply that monocarpic senescence is caused by a 
fruit-induced depletion of minerals in the leaves or by a 
hormonal deficiency or a combination of both that could be 
corrected by exogenous applications of NAA, BA and foliar 
fertilizer. Yet, after close examination of the data in the 
first experiment, it becomes clear that the delay in foliar 
senescence and plant maturity is mainly due to the effect of 
BA alone, whereas NAA and the foliar fertilizer had only 
minor effects on leaf color and maturity. Although BA in­
creased lodging, it did not affect plant height at maturity 
and seed yield, which is consistent with work done by Nooden 
et al. (1979). NAA, on the other hand, decreased lodging 
significantly, which could be due to a hyperauxin effect on 
stem thickness (James et al., 1965). 
The second experiment established that Ethrel, a slow 
ethylene-releasing growth regulator, can significantly enhance 
leaf abscission in field-grown soybeans, which in turn caused 
significant reductions in seed yield and lOO-seed weight. 
A cobalt salt and a free radical scavenger, sodium benzoate. 
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which are known to inhibit ethylene production in plant 
tissues, did not reverse the effect of Ethrel under field 
conditions. This could be the result of differences in the 
hormonal status of field-grown plants in comparison with 
those grown under controlled environmental conditions or 
to the level at which the chemicals were used. 
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PART II. MORPHOLOGICAL AND PHYSIOLOGICAL RESPONSES IN 
FIELD-GROWN SOYBEANS [Glycine max (L.) Merr.] 
TO FOLIAR APPLICATIONS OF BTS44584 
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INTRODUCTION 
Plant growth regulators have been in use on horticul­
tural crops, fruits, vegetables and ornamentals for years 
(Morgan, 1980). Their use to increase yields of field crops, 
however, has been limited and difficult to achieve (Ketring, 
1977). The only plant growth regulator registered for use 
on soybeans [Glycine max (L.) Merr.] so far is 2,3,5-
triiodobenzoic acid (TIBA) (Greer and Anderson, 1965). 
Sprays of TIBA decreased leaf and seed size, reduced 
plant height, shortened new petioles, and increased both 
above-ground dry weight and total seed yield of indeterminate 
'Hawkeye* soybeans (Greer and Anderson, 1965). Plant height 
was reduced and seed yield was increased in a determinate 
soybean cultivar 'Bragg' after application of TIBA (Clapp, 
1973). Although other investigators found similar effects of 
TIBA on vegetative growth of soybeans (Bauer et al.,.. 1969; 
Burton and Curley, 1966; Hicks et al., 1967; Tanner and 
Ahmed, 1974; Wax and Pendleton, 1968), seed yields were not 
consistently increased (Bauer et al., 1969; Burton and 
Curley, 1966; Hicks et al., 1967; Tanner and Ahmed, 1974), 
BTS44584, another potentially useful plant growth regu­
lator, has been shown to induce morphological and physiological 
responses in a determinate soybean cultivar ('Davis') under 
growth chamber conditions (Weiland and Stutte, 1979). 
BTS44584 increased net COg assimilation, foliar nitrogen 
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2+ 2+ loss, Mg and Ca uptake, and seed yields. Plant height, 
stem and leaf fresh weight, and uptake were decreased by 
BTS44584, In addition, BTS44584 increased seed yields of 
determinate soybeans in the field in Arkansas. 
The most effective plant growth regulators are those 
which induce a favorable morphological or physiological re­
sponse in a given environment, resulting in the enhancement 
of the economical yield (Morgan, 1980). Climate during the 
growing season is the factor that contributes the most to 
variability in plant response to growth regulators (Ketring, 
1977). Moisture and temperature at preflowering affected 
the response of soybeans to TIBA (Hume et al., 1972; Tanner 
and Ahmed, 1974). Other factors like fertility and row 
spacing can also affect the response of soybeans to TIBA 
(Hicks et al., 1967; Wax and Pendleton, 1968). This plant x 
environment interaction makes screening for plant growth 
regulators very complex under field conditions. 
The objective of this investigation was to study the 
effects of cultivar, stage and rate of application of BTS44584 
on some morphological and physiological characteristics of 
indeterminate soybeans under field conditions. 
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MATERIALS AND METHODS 
Field and greenhouse experiments were conducted in this 
investigation. 
The field experiments were conducted in 1979 and 1980 
at the Iowa State University Agronomy and Agricultural 
Engineering Research Center west of Ames, Iowa, on soil types 
ranging from a Nicollet silt loam to a Webster silty-clay 
loam. The field was in a corn-soybean rotation receiving 
90 and 155 kg/ha of P and K annually. Alachlor at a rate of 
2.24 kg/ha was used for weed control. In both years, plots 
(9.75 m long) consisted of four rows with 76-cm row spacings 
and with an average of 30 plants per meter of row. Only 
8.5 m of the two center rows were harvested for seed yield 
determinations. 
•Harcor* and 'Wayne' soybeans were planted on 15 May of 
1979 and 1980 in adjacent fields. S-2,5-dimethyl-4-
pentamethvlenecarbamovloxvphenvl-SS-dimethvlsulfonium-p 
toluene sulphonate (BTS44584, The Boots Company Limited, 
Nottingham, U.K.) was applied using a 3.8-liter portable 
sprayer with controlled pressure. In both years and for 
both cultivars, treatments consisted of foliar applications 
of BTS44584 at developmental stages Rl, R3 and R4 (Fehr et al., 
1971) and with rates of 0, 0.25, 0.50 and 1.0 kg/ha in a fac­
torial combination. The design was a split-plot with stages 
of chemical treatment as the main plots and rates of the 
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chemical as the subplots. Treatments were replicated four 
times in 1979 and six times in 1980. The variables mea­
sured were plant height and lodging at maturity, seed yield, 
and 100-seed weight. 
In 1980, additional data were collected on other vari­
ables and components of yield of cultivar Wayne. Prior to 
harvest, 10 plants from each plot were selected at random 
with the stipulation that the terminal growing point was in­
tact and no other visible abnormalities occurred. After 
the plants were allowed to dry, the number of nodes and 
branches per plant were recorded, pods on the branches and 
on nodes 7 through 20 were picked and counted with node 1 
being the lowermost node. The pods from the branches and 
from the individual nodes were then hand threshed and the 
seeds were counted and weighed. 
In 1980, the four treatments in each replication receiv­
ing BTS44584 at 0, 0.25, 0.50, and 1.0 kg/ha at stage R1 in 
both Harcor and Wayne were sampled for measuring treatment 
effects on potential dinitrogen fixation. For this purpose, 
the acetylene reduction method was used (Hardy et al., 1968; 
Sinclair, 1973). A 7.3-cm diameter x 10.2-cm soil core was 
taken. Each core contained one plant. Plant tops were 
clipped at ground level before sampling. As sampling pro­
gressed, only plants separated by at least 15 cm within the 
row were taken. For each plot, duplicate samples were 
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collected on 17 July 1980 for Harcor and on 5 August 1980 
for Wayne. The samples were first placed in plastic bags 
just large enough to enclose the core and then were trans­
ferred in the laboratory to wide-mouth plastic bottles with 
a volume of 2 liters. Bottles containing the soil cores 
with soybean roots were filled with 200 cc of acetylene after 
removing an equal volume of air, thus resulting in a 10% 
(v:v) mixture of acetylene and air. After injecting the 
acetylene, each bottle was inverted once to insure adequate 
mixing of gases. 
Samples were incubated at 22°C for 40 minutes before 
the first measurement of ethylene. After incubation, each 
bottle was inverted once again before withdrawing a 1-ml 
sample of gas with a gas syringe. This procedure was re­
peated after 80 minutes and the final value of ethylene 
evolved was a mean of the 40 and 80 minutes measurements. 
The amount of ethylene produced was measured with a Becker 
gas chromatograph, model 417, equipped with a 1.2-m column 
packed with Poropak R. A flame ionization detector was used 
with a hydrogen flow rate of 30 ml/min and 30 ml/min oxygen. 
Helium was used as a carrier gas. Injection port and 
detector temperatures were 130°C with an oven temperature of 
70°C. Column pressure was 1 kp/cm^. Retention time of 
ethylene was approximately 45 seconds, allowing one sample 
to be analyzed every 60 seconds. Amounts of ethylene produced 
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were calculated by comparison to a known standard peak of 
ethylene. All rates were reported as pmoles of ethylene 
hour ^«core Following these measurements, the soil cores 
were washed with tapwater over a screen and nodules were 
handpicked and weighed fresh immediately. Specific activi­
ties (on a fresh weight basis) were calculated. 
Two greenhouse experiments were conducted in 1979 and 
1980 in the Agronomy Department greenhouses east of the 
Agronomy Building on the Iowa State University campus, Ames, 
Iowa. In both experiments, soybean seeds were inoculated 
with a commercial preparation of Rhizobium iaponicum bacteria 
and planted in 20-cm diameter x 22-cm plastic pots containing 
a mixture of soil and sand in the ratio of 2:1, At the 
first trifoliate leaf stage, plants were thinned to two 
plants per pot. The pots were fertilized with phosphorus 
and potassium and watered as needed. 
In the first experiment, 'Amsoy 71' soybeans were planted 
on 2 November 1979 under a bank of fluorescent lights with a 
daylength of 16 hours until 11 December when the hours of 
light were decreased to 14.5 until termination of the ex­
periment. The treatments consisted of 0, 17, 34 and 68 x 
10 ^  M of BTS44584 sprayed onto the leaves to the point of 
runoff at stage R1 (11 December). These rates were intended 
to be equivalent to 0, 0.25, 0.50 and 1.0 kg/ha as applied 
in the field. Treatments were completely randomized and 
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replicated seven times. On 8 January 1980, nodules were 
handpicked after washing the roots over a screen, counted 
and immediately weighed. 
In the second experiment, 'Wayne' soybeans were planted 
on 27 February 1981 under a bank of fluorescent lights with a 
daylength of 14.5 hours. Treatments consisted of foliar 
applications of BTS44584 at 0, 34 and 68 x 10 ^  M at Rl, 
completely randomized and replicated 10 times. Ninety-six 
hours after chemical treatment, plant height was measured 
and the plants were then clipped at the soil level, dried at 
65°C for 72 hours and weighed. The soil in each pot was 
shaken off and the roots placed in plastic bottles for po­
tential dinitrogen fixation measurements as previously de­
scribed. After measurements of ethylene evolution, the 
nodules were handpicked, counted and weighed immediately. 
Ethylene evolution rates were reported in (j,moles .hour ^'pot 
All the data for field and greenhouse experiments were 
analyzed using the analysis of variance and Duncan's multiple 
range test at the 0.05 level of probability. 
36 
RESULTS AND DISCUSSION 
The main effects and interactions of the stage and rate 
of application of BTS44584 on height and lodging at maturity, 
seed yield, and seed size in Harcor and Wayne for 1979 and 
1980 are presented in Tables 6 through 9. There were sig­
nificant interactions between the stage and rate of chemical 
treatment on several of the attributes measured in both 
cultivars and for both years. 
Plant height was significantly reduced by early applica­
tions (stage Rl) at the high rate (1 kg/ha), but this reduc­
tion gradually diminished with late applications (stages R3 
and R4) and lower rates (0.25 and 0,50 kg/ha) when compared 
to the control in both cultivars and both years (Tables 6-9, 
Figures 3 and 4), These results are in agreement with the 
findings of other investigators working with determinate 
soybean cultivars under controlled environmental conditions 
(Weiland and Stutte, 1979). 
There was no significant interaction between the stage 
and rate of chemical treatment influencing lodging in 1979 
for either cultivar (Figures 5 and 5). Yet, Harcor in 1979 
responded to the rate of chemical with the control exhibiting 
less lodging than all other rates among which there was no 
significant difference (Table 6). Lodging in Wayne in 1979, 
on the other hand, was significantly affected by both the 
stage and rate of BTS44584 application (Table 7). When 
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Table 6. Main effects and interactions of the stage and 
rate of application of BTS44584 on some agronomic 
attributes of cultivar Harcor in 1979 
Rate. kg/ha 
Stage 0 0.25 0.50 1.0 Mean^ 
Height at maturity (cm) 
R1 94.0 73.7 71.6 65.5 76. 2c 
R3 100.3 83.3 77.0 73.7 83.6b 
R4 97.0 96.0 95.3 90.2 94.6a 
Mean^ 97.1a 84.3b 81.3b 76. 5c 
Lodging score^ 
R1 1.4 3.1 2.8 3.3 2.7a 
R3 1.6 2.7 3.0 2.8 2.5a 
R4 1.9 2.2 2.0 2.3 2.1a 
Mean 1.6b 2.7a 2.6a 2.8a 
Seed yield (kg/ha) 
R1 3329 3302 3222 3511 3341b 
R3 3558 3726 3693 3484 3615a 
R4 3612 3457 3538 3558 3541ab 
Mean 3500a 3495a 3484a 3518a 
Seed size (g/lOO seed) 
R1 17.6 17.6 17.8 17.3 17.6a 
R3 18.2 17.4 17.7 17.8 17.8a 
R4 18.2 18.0 18.1 18.2 18.1a 
Mean 18.0a 17.7a 17.9a 17.8a 
^eans of the main effects of stage and rate with 
identical letter(s) are not significantly different at the 
0.05 level using Duncan's multiple range test, 
Visual ranking; 1 = erect, 5 = prostrate. 
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Table 7. Main effects and interactions of the stage and 
rate of application of BTS44584 on some agronomic 
attributes of cultivar Wayne in 1979 
Stage 
Rate. ka/ha 
Mean^ 0 0.25 0.50 1.0 
Height at maturity (cm) 
R1 110.0 82.0 85.6 77.0 88.7c 
R3 118.6 96.5 86.9 84.6 96.7b 
R4 108.7 109.7 104.1 110.5 108.3a 
Mean^ 112.4a 96.1b 92.2bc 90.7c 
Lodaina score^ 
R1 2.0 3.0 2.9 3.1 2.8a 
R3 2.1 2.4 2.3 2.1 2.2ab 
R4 1.7 1.9 1.6 1.8 1.8b 
Mean 1.9b 2.4 a 2. 3ab 2.3ab 
Seed yield (ka/ha) 
R1 2906 3114 3572 3787 3345a 
R3 3202 3329 3255 3249 3259a 
R4 3027 3181 3208 2946 3091a 
Mean 3045b 3208ab 3345a 3327a 
Seed size (a/100 seed) 
R1 14.8 14.5 14.6 14.9 14.7a 
R3 14.9 14.7 15.0 14.8 14.9a 
R4 14.8 14.6 14.5 14.8 14.7a 
Mean 14.8a 14.6a 14.7a 14.8a 
^Means of the main effects of stage and rate with 
identical letter(s) are not significantly different at the 
0,05 level using Duncan's multiple range test. 
Visual ranking: 1 = erect, 5 = prostrate. 
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Table 8. Main effects and interactions of the stage and 
rate of application of BTS44584 on some agronomic 
attributes of cultivar Harcor in 1980 
Rate. kg/ha 
Stage 0 0.25 0.50 1.0 Mean^ 
Height at maturity (cm) 
R1 116.7 97.3 85.3 78.7 94.5b 
R3 116.2 99.7 95.8 95.8 lOl. 9al 
R4 111.5 104.7 104.7 108.3 107.3a 
Mean^ 114.8a 100.5b 95.3c 94.3c 
Lodging score^ 
R1 1.5 2.5 3.1 3.3 2.6a 
R3 1.6 2.5 2.5 2.4 2.2b 
R4 1.8 1.6 1.7 1.7 1.7c 
Mean 1.6c 2.2b 2.4ab 2.5a 
Seed yield {kg/ha) 
R1 3518 3820 3853 3588 3695a 
R3 3264 3474 3367 3504 3402b 
R4 3057 3138 3015 2985 3049c 
Mean 3280a 3477a 3412a 3359a 
Seed size (g/100 seed) 
R1 15.4 15.5 15.5 15.4 15.5a 
R3 15.6 15.4 15.8 15.3 15.5a 
R4 15.5 15.8 15.6 15.9 15.7a 
Mean 15. 5a 15.6a 15.6a 15.5a 
^eans of the main effects of stage and rate with 
identical letter(s) are not significantly different at the 
0.05 level using Duncan's multiple range test. 
Visual ranking: 1 = erect, 5 = prostrate. 
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Table 9. Main effects and interactions of the stage and 
rate of application of BTS44584 on some agronomic 
attributes of cultivar Wayne in 1980 
Rate, kq/ha 
Stage 0 0.25 0.50 1.0 Mean^ 
Heiaht at maturity (cm) 
R1 109.7 101.5 90.0 79.7 95.2b 
R3 108.5 97.3 91.8 85.2 95.7b 
R4 114.2 112.3 111.8 111.3 112.4a 
Mean^ 110.8a 103.7b 97.9c 92. Id 
Lodaina score^ 
R1 1.4 2.2 2.6 2.7 2.2a 
R3 1.4 1.9 2.5 2.6 2.1a 
R4 1.5 1.9 1.6 1.7 1.7b 
Mean 1.4c 2.0b 2.2ab 2.3a 
Seed yield (kq/ha) 
R1 2986 3357 3558 3919 3455a 
R3 2883 3132 3461 3326 3200b 
R4 2861 2779 2713 3003 2839c 
Mean 2910c 3090bc 3244ab 3416a 
Seed size (g/lOO seed) 
R1 19.4 19.3 19.1 19.1 19.2a 
R3 19.3 18.7 19.2 19.1 19.1a 
R4 19.1 18.9 19.0 18.7 18.9a 
Mean 19.3a 19.0a 19.1a 18.9a 
^Means of the main effects of stage and rate with 
identical letter(s) are not significantly different at the 
0.05 level using Duncan's multiple range test. 
Visual ranking: 1 = erect, 5 = prostrate. 
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Figure 5. Lodging score of cultivar Harcor in 1979 and 1980 
in response to the stage and rate of BTS44584 
application (1 = erect, 5 = prostrate) 
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Figure 6. Lodging score of cultivar Wayne in 1979 and 1980 
in response to the stage and rate of BTS44584 
application (1 = erect, 5 = prostrate) 
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averaged across all rates, plants treated at developmental 
stage R4 lodged significantly less than those treated at Rl, 
but those treated at R3 were not significantly different than 
either plants treated at Rl or R4. When averaged across all 
stages, the plants treated with 0.25 kg/ha of BTS44584 
lodged the most, whereas the control plants exhibited the 
least lodging. In 1980, there was a significant interaction 
between the stage and rate of chemical treatment on lodging 
in both cultivars (Figures 5 and 6). Plants treated at Rl 
with 0.5 and 1.0 kg/ha displayed more lodging than all other 
treatments including the control (Tables 8 and 9). Short 
plants normally lodge less than tall plants; however, the 
results of this investigation indicate that shorter plants 
received higher lodging scores. This may be due to the fact 
that the chemical increased branching and caused these 
branches to arch or bow into the rows giving the visual im­
pression of increased lodging. 
Seed yield was significantly increased by the early 
applications (Rl) at the high rate (1.0 kg/ha) of chemical 
treatment in Wayne both in 1979 and 1980 (Figure 8). Yield 
increases were up to 30% in 1979 and 31% in 1980 when com­
pared to the control (Tables 7 and 9), In general, all 
treatments except those at stage R4 yielded more than the 
control. Seed yield in Harcor, however, was slightly af­
fected by chemical treatment in 1979 and only by the stage 
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Figure 7. Seed yield of cultivar Harcor in 1979 and 1980 in 
response to the stage and rate of BTS44584 
application 
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Figure 8. Seed yield of cultivar Wayne in 1979 and 1980 
in response to the stage and rate of BTS44584 
application 
48 
of application in 1980 where treatments applied at stage R1 
yielded significantly higher than those applied at R3 or R4 
(Tables 6, 8, and Figure 7). The effects of BTS44584 on the 
yield of Wayne are consistent with those obtained by Weiland 
and Stutte (1979) with field-grown determinate soybean cul-
tivars. Yet, the lack of response to chemical treatment 
in Harcor, which was planted adjacent to Wayne in both years, 
reaffirm the fact that screening for effective plant growth 
regulators for use on crops under field conditions is a very 
complex task. These results may imply that BTS44584 is 
cultivar specific, but more testing with other cultivars over 
longer periods of time and a wider range of environments, 
within the area of adaptability of these cultivars, should 
be done before making any definite conclusions. 
In both years, seed size was not affected by any of the 
BTS44584 treatments in either cultivar (Tables 6-9). 
In order to determine which part of the plant caused 
the seed yield increase in Wayne, data were collected on the 
components of yield in this cultivar as affected by the stage 
and rate of BTS44584 application (see Appendix for the com­
plete set of data). 
There were no treatment effects on the number of branches 
and number of nodes per plant except for the fact that, when 
averaged across all stages, plots treated with 0.50 kg/ha 
had a greater number of nodes per plant than those treated 
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with 1.0 kg/ha (Table 10). The lack of response in the 
number of branches to chemical treatment disagrees with the 
visual appearance in the field and probably was caused more 
by the loss of many branches when plants were pulled from 
the field and from storage and handling before the actual 
counting was done rather than by the absence of treatment 
effect. Although plant height was significantly reduced by 
BTS44584, the number of nodes per plant was not reduced. 
The number of pods and seed yield on branches ware only 
affected by the stage of chemical application (Tables 11 and 
13). Plots treated at stage R1 had a significantly larger 
number of pods and greater seed yield on the branches than 
those treated at R3 or R4. The number of pods were not 
affected by the rate of chemical treatment, but it appears 
that there was a trend where the number of pods on branches 
at all rates was larger than in the control (Table 12). Seed 
yield on branches was significantly higher than the control 
at all rates of BTS44584 application (Table 14), There was 
no treatment effect on seed size on branches (see Appendix). 
There were some significant stage and rate effects on 
the number of pods and seed yield of several nodes on the 
main stem. Generally, it appears that when averaged across 
all rates, nodes 9 to 13 had more pods and yielded more when 
the chemical was applied at R3 than at R1 or R4 (Tables 11 
and 13 and Figures 9 and 11). In addition, number of pods 
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Table 10. Main effects and interactions of the stage and 
rate of application of BTS44584 on the number 
of branches and nodes in Wayne soybeans 
Rate. kg/ha 
Stage 0 0.25 0.50 1.0 Mean^ 
No. of branches per Plant 
R1 2.6 3.2 2.8 3.1 2.9a 
R3 2.7 2.5 2.8 2.2 2.5a 
R4 1.7 2.3 1.7 2.9 2.1a 
Mean^ 2.4a 2.6a 2.4a 2.7a 
No . of nodes per Plant 
R1 18.4 19.1 19.4 17.9 18.7a 
R3 18.9 19.5 20.2 18.7 19.3a 
R4 19.3 19.8 19.6 18.9 19.4a 
Mean I8.9ab 19,5ab 19.7a 18.5b 
^eans of the main effects of the stage and rate of 
chemical application with identical letter(s) are not sig­
nificantly different at the 0.05 level using Duncan's 
multiple range test. 
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Table 11. Number of pods on branches and on nodes 7 through 
20 in response to the stage of application of 
BTS44584 when averaged across all rates^ 
.. . Staae of develocment Node 
number R1 R3 R4 
20 0.6a 0. 8a 0.9a 
19 0.7b 1.2a 1.2a 
18 1.1b 1.6a 1.5a 
17 1.5a 1.9a 1.7a 
16 1.9a 2. 2a 2.1a 
15 2.2a 2. 5a 2,5a 
14 2.6a 3.1a 3.1a 
13 2.9b 3.5a 3.1b 
12 3.0b 3.4a 3.2ab 
11 3.0a 3.3a 2.9a 
10 2. 7ab 3.1a 2.7b 
9 2.5b 2.8a 2.3b 
8 1.9a 2.2a 1.7a 
7 1.0a 1.2a 0.9a 
Branches 9.8a 6.4b 4.7b 
^eans with identical letter(s) within the same node 
are not significantly different at the 0.05 level of proba­
bility using Duncan's multiple range test. 
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Table 12. Number of pods on branches and on nodes 7 through 
20 in response to the rate of application of 
BTS44584 when averaged across all stages^ 
Node 
number 0 0.25 0.50 1.0 
20 0.8ab 0.8a 0.9a 0.5b 
19 l.lab 0. 9ab 1.2a 0.8b 
18 1.3ab 1.4ab 1.6a 1.1b 
17 1.6ab 1.7ab 2.0a 1.4b 
16 2. Oab 2. Oab 2 .4a 1.8b 
15 1.9c 2. 3bc 2.8a 2,5ab 
14 2.5b 2.9ab 3.4a 2.9ab 
13 2.8b 3.4a 3.3a 3.3a 
12 3.0b 3.3ab 3.4a 3.3a 
11 2.9a 2.9a 3.1a 3.3a 
10 2.6a 2.9a 3.0a 2.9a 
9 2.3b 2.4ab 2.8a 2.7ab 
8 1.7ab 1.7b 2.2a 2. lab 
7 1.0a 0.9a 1.1a 1.2a 
Branches 5. la 7.7a 7.1a 7.6a 
^eans with identical letter(s) within the same node 
are not significantly different at the 0.05 level of proba­
bility using Duncan's multiple range test. 
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Table 13. Seed yield (g) on branches and on nodes 7 through 
20 in response to the stage of BTS44584 applica­
tion when averaged across all rates 
Stage of development 
number R1 R3 R4 
20 0.25a 0.36a 0.31a 
19 0.37a 0.52a 0.51a 
18 0.49b 0.82a 0.68ab 
17 0.72a 0.85a 0.78a 
16 0.92a 1.09a 1.07a 
15 1.16a 1.25a 1.30a 
14 1.30a 1.54a 1.56a 
13 1.49a 1.72a 1.48a 
12 1.40b 1.67a 1.54ab 
11 1.34ab 1.55a 1.20b 
10 1.24a 1.44a 1.30a 
9 1.06a 1.18a 1.04a 
8 0.71a 0.84a 0.79a 
7 0.53a 0.51a 0.41a 
Branches 3.95a 2.39b 2.15b 
^eans with identical letter(s) within the same node 
are not significantly different at the 0.05 level of proba­
bility using Duncan's multiple range test. 
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Table 14. Seed yield (g) on branches and on nodes 7 through 
20 in response to the rate of BTS44584 application 
when averaged across all stages 
Node : Rate, kq/ha JNoae 
number 0 0.25 0.50 1.0 
20 0.41a 0.31ab 0.33ab 0.21b 
19 0.59a 0.44bc 0.53ab 0.33c 
18 0.64ab 0.61b 0.83a 0.57b 
17 0.8lab 0.67b 0.96a 0.68b 
16 1.07ab 1.Olab 1.15a 0.86b 
15 1.09b 1.20ab 1.40a 1.25ab 
14 1.27b 1.44ab 1.71a 1.43ab 
13 1.44a 1.56a 1.64a 1.61a 
12 1.45a 1.58a 1.63a 1.49a 
11 1.36a 1.29a 1.41a 1.37a 
10 1.31a 1.35a 1.43a 1.21a 
9 l.llab 0.92b 1.24a 1.12ab 
8 0.78a 0.73a 0.83a 0.78a 
7 0.66a 0.31b 0.50ab 0.46ab 
Branches 1.94b 3.08a 3.14a 3.00a 
^eans with identical letter(s) within the same node 
are not significantly different at the 0.05 level of proba­
bility using Duncan's multiple range test. 
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Figure 9. Number of pods on nodes 7 through 20 in response 
to the stage of application of BTS44584 when 
averaged across all rates 
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Figure 10. Number of pods on nodes 7 through 20 in response 
to the rate of application of BTS44584 when 
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Figure 11. Seed yield on nodes 7 through 20 in response to 
the stage of BTS44584 application when averaged 
across all rates 
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and seed yield of nodes 14 through 18 were the highest when 
BTS44584 was applied at 0.50 kg/ha (Tables 12 and 14 and 
Figures 10 and 12). 
To summarize, it can be said that the early applications 
(stage Rl) at a high rate (1.0 kg/ha) enhanced branching on 
Wayne, whereas later applications (stage R3) at a rate of 
0.50 kg/ha favored the growth of the main stem, namely nodes 
9 to 18. These results, however, do not account for the 
large increases in plot seed yield of this cultivar in re­
sponse to early applications (stage Rl) at high rates (1.0 
kg/ha) as compared with the later applications (R3 and R4) 
and the lower rates (0.25 and 0.50 kg/ha). This may be ex­
plained by a large experimental error in the collection of 
data on components of yield caused by handling and storage 
of the plants. 
Since photosynthate availability was found to be a major 
factor limiting dinitrogen fixation in legumes (Hardy and 
Havelka, 1975) and because BTS44584 caused an increase in 
net COg assimilation in soybeans (Weiland and Stutte, 1979), 
it was desirable to measure the effect of the chemical on 
potential dinitrogen fixation. Treatment effects on poten­
tial dinitrogen fixation by Harcor and Wayne in 1980 are 
summarized in Table 15. When sprayed at Rl, BTS44584 had 
no effect on nitrogenase activity, nodule fresh weight or 
specific activity of nodules in either cultivar. These 
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Table 15. Nitrogenase activity, nodule fresh weight and 
specific activity in response to four different 
rates of BTS44584 applied at stage R1 
Nitrogenase Specific 
activity Nodule activity 
Rate, nmole fresh wt., nmol_ 
kg/ha CgHghr'^core g/core CgHghr" g 
Harcor 
0 5.58a 0.73a 10.11a 
0.25 8.73a 0.83a 11.14a 
0.50 6.78a 0.74a 9.91a 
1.0 7.85a 0.70a 14.35a 
Wayne 
0 9.67a 1.32a 9.11a 
0.25 8.78a 1.35a 7.71a 
0.50 7.59a 1.09a 7.74a 
1.0 9.52a 1.69a 6.11a 
^eans with identical letter(s) within the same column 
and cultivar are not significantly different at the 0,05 
level of probability using Duncan's multiple range test. 
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results may imply that the chemical had no significant effect 
on potential dinitrogen fixation in soybeans grown in the 
field; however, greater replication and more dates of sampling 
would be needed to reach this conclusion because of the large 
plant-to-plant variation in the field. 
In the greenhouse experiments, nodule number and fresh 
weight of Amsoy 71 soybeans were not affected by chemical 
treatment (Table 16). Although it appears that the plants 
treated with 17 x 10 solution had a higher nodule number 
and fresh weight, this difference was not statistically 
significant. Similar results were found for Wayne in the 
greenhouse (Table 17). In addition, nitrogenase activity 
under controlled environment in Wayne was not affected by 
the treatments, which was consistent with results obtained 
in the field. 
Plant height was reduced by increasing rates of BTS44584, 
but this effect was more accentuated under field conditions. 
Shoot dry weight was significantly higher in plants treated 
with the 68 X 10 M solution of BTS44584 than the control 
and the lower rate (34 x 10 ^  M). This increase in shoot dry 
weight could be explained by the fact that BTS44584 increases 
net CO2 assimilation within 76-100 hours after chemical 
treatment (Weiland and Stutte, 1979). 
In conclusion, the results of these investigations in­
dicate that BTS44584 could be a potentially useful plant 
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Table 16. Nodule number and fresh weight in response to 
the rate of BTS44584 when applied at R1 on 
Amsoy 71^ 
Rate, 
X 10"4 M 
Nodule 
number 
per pot 
Nodule 
fresh weight, 
g/pot 
0 42.9a 1.65a 
17 54. la 1.95a 
34 43.9a 1.37a 
68 35.1a 1.00a 
^eans with identical letter(s) within the same column 
are not significantly different at the 0.05 level of proba­
bility using Duncan's multiple range test. 
growth regulator of soybeans. Briefly, foliar application of 
BTS44584 on the soybean cultivar Wayne at beginning bloom 
with a rate of 1.0 kg/ha produced a 30% increase in seed 
yield in two consecutive years under field conditions, 
Harcor, in contrast, was not as responsive as Wayne to 
chemical treatment. The data suggested that the effect 
on Wayne was mainly due to a significant decrease in plant 
height accompanied by a significant increase in the number of 
pods and seed yield on branches. Application of the chemical 
at later stages (beginning and full pod) with lower rates 
(0.25 and 0.50 kg/ha) had only a slight effect on yield and 
favored the growth of the main stem with smaller but signifi­
cant reductions in plant height. 
Table 17. Plant height, shoot dry weight, nodule number and fresh weight, and 
nitrogenase activity in response to the rate of BTS44584 when applied 
at R1 on cultivar Wayne^ 
Rate, 
X 10"4 M 
Plant 
height, 
cm 
Shoot 
dry wt., 
g/pot 
Nodule 
number, 
per pot 
Nodule 
fresh wt., 
g/pot 
Nitrogenase 
activity, 
fimole 
0 75.3b 17.94b 107.8a 7.51a 21.1a 
34 77.2b 19.04b 118.6a 8.05a 19.9a 
68 101.5a 22.85a 127.9a 8.73a 20.2a 
^eans with identical letter(s) within the same column are not significantly 
different at the 0.05 level of probability using Duncan's multiple range test. 
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Both field and greenhouse measurements showed no 
effect of BTS44584 on nodule number and fresh weight, 
nitrogenase activity or specific activity of the nodules 
in all cultivars used (Harcor, Wayne and Amsoy 71), Shoot 
dry weight, however, was increased by chemical treatment in 
the greenhouse, an effect which could be explained by the 
fact that BTS44584 may cause an increase in net COg 
assimilation as found by other investigators. 
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GENERAL SUMMARY 
The development of plant growth regulators to increase 
yields of field crops has been slow and difficult to achieve. 
This situation can be attributed to several major factors. 
The most important among these factors are (l) the lack of 
basic understanding of the mode(s) of action of endogenous 
plant hormones, both at the cellular level and the whole 
plant level, and (2) the inapplicability of the methods 
which have been used so far in the development of such growth 
régulants (Morgan, 1980). In his review, Morgan (1980) sug­
gested several approaches and models for the discovery and 
development of plant growth regulators. Models for the pro­
motion of growth regulator technology include (l) the analy­
sis of individual crops to select specific goals which could 
be achieved by the use of growth régulants, (2) the analysis 
of the physiological and biochemical processes that a 
certain substance can influence and application of the 
"clues" generated to specific crops, (3) the understanding 
of the endogenous hormone physiology to more successfully 
regulate plant growth chemically, and (4) the use of the 
empirical approach. 
So far, many of the successful growth regulators in 
current use have been developed by the empirical approach 
which consists of the identification of a specific problem 
and the subsequent mass screenings of chemicals until those 
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which have the desired activity are discovered. A case in 
point is the discovery of defoliants for use on cotton to 
facilitate mechanical harvesting. The empirical approach, 
according to Morgan (1980), can be improved if used in com­
bination with one or more of the other three models described 
earlier. 
Since the function of most plant growth regulators has 
been simply to cause a shift or a modification in the normal 
sequence of developmental events in the plant, then, instead 
of trying to increase or select for higher photosynthetic 
rates, or faster mobilization rates of photosynthate by the 
grain or seed, maybe prolonging the duration of photosynthetic 
productivity and the seed-filling period could fulfill the 
same goals (Morgan, 1980). These could be achieved by delay­
ing the onset of monocarpic senescence in general and the 
senescence of plant parts (e.g., leaves or nodules) in 
particular, which was the basic hypothesis upon which the 
first part of our studies was based. 
These experiments showed that simultaneous foliar appli­
cations of two hormone analogs (NAA and BA), previously shown 
to prevent monocarpic senescence in soybeans under controlled 
conditions (Nooden et al., 1979), and foliar fertilizer de­
layed monocarpic senescence (as measured by leaf yellowing) 
in field-grown soybeans. These results could imply that 
monocarpic senescence is caused by the fruit-induced deple­
69 
tion of minerals in the leaves or by a hormonal deficiency 
or a combination of both that could be corrected by exogenous 
applications of NAA, BA and foliar fertilizer. Yet, after 
close examination of the data in the first experiment, it 
becomes clear that the delay in foliar senescence and plant 
maturity is mainly due to the effect of BA alone, whereas 
NAA and the foliar fertilizer had only minor effects on leaf 
color and maturity. Although BA increased lodging, it did 
not affect plant height at maturity and seed yield, which is 
consistent with work done by Nooden et al. (1979). NAA, on 
the other hand, decreased lodging significantly, which could 
be due to a hyperauxin effect on stem thickness (James et al., 
1965). 
The second experiment reestablished that Ethrel, a slow 
ethylene-releasing growth regulator, can significantly en­
hance leaf abscission in field-grown soybeans, which in 
turn caused significant reductions in seed yield and 100-
seed weight. A cobalt salt and a free radical scavenger, 
sodium benzoate, which are known to inhibit ethylene produc­
tion in plant tissues, did not reverse the effect of Ethrel 
under field conditions. This could be the result of differ­
ences in the hormonal status of field-grown plants in com­
parison with those grown under controlled environmental con­
ditions or to the level at which the chemicals were used. 
In the second part of these studies, morphological and 
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physiological responses in field-grown soybeans in response 
to foliar applications of a potentially useful growth regu­
lator (BTS445 84) were measured. Briefly, the results of 
these measurements indicated that foliar applications of 
BTS44584 on the soybean cultivar Wayne at beginning bloom 
with a rate of 1.0 kg/ha produced a 30% increase in seed 
yield in two consecutive years under field conditions. 
Harcor, in contrast, was not as responsive as Wayne to 
chemical treatment. The data suggested that the effect on 
Wayne was mainly due to a significant decrease in plant 
height accompanied by a significant increase in the number 
of pods and seed yield on branches. Application of the 
chemical at later stages (beginning and full pod) with lower 
rates (0.25 and 0.50 kg/ha) had only a slight effect on yield 
and favored the growth of the main stem with smaller but 
significant reductions in plant height. 
Both field and greenhouse measurements showed no effect 
of BTS44584 on nodule number and fresh weight, nitrogenase 
activity or specific activity of the nodules in all cultivars 
used (Harcor, Wayne and Amsoy 71). Shoot dry weight, however, 
was increased by chemical treatment in the greenhouse, an 
effect which could be explained by the fact that BTS44584 
may cause an increase in net COg assimilation as found by 
other investigators. 
Finally, although environmental conditions, cultural 
71 
practices, cultivars, rates, stages, methods, and number of 
applications are all factors which can cause great variabili­
ties in the response of soybeans to plant growth regulators, 
it is my feeling that this area deserves more attention, 
and thus more support for basic research leading to a better 
understanding of hormone action and physiology should be 
available. Along with other cultural practices, plant growth 
regulators may become an important part of an integrated 
crop management system, which could eventually lead to sig­
nificant yield increases that are so badly needed in view 
of the continuous increase in world population. 
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Table Al. Main effects and interactions of the stage and 
rate of application of BTS44584 on some compo­
nents of yield in Wayne soybeans 
Stage 0 
Rate, kq/ha 
0.25 0.50 1.0 Mean' 
R1 
R3 
R4 
Mean^ 
No. of pods on branches (per plant) 
8.9 
5.0 
2.3 
5. la 
10.1 
7.4 
5.7 
7.7a 
9.4 
8.6 
3.4 
7.1a 
10.7 
4.5 
7.5 
7.6a 
9.8a 
6.4b 
4.7b 
R1 
R3 
R4 
Mean 
Seed yield on branches (a/plant) 
3.21 
1.67 
1.26 
1.94b 
4.57 
2 . 8 0  
1.87 
3.08a 
3.52 
3.38 
2.51 
3.14a 
4.31 
1.71 
2.98 
3.00a 
3.95a 
2.39b 
2.15b 
R1 
R3 
R4 
Mean 
Seed size on branches (q/lOO seed) 
17.7 
15.4 
18.4 
17.1a 
16.6 
18.0 
17.7 
17.4a 
17.7 
18.1 
19.1 
18.3a 
17.7 
15.9 
18.5 
17.4a 
17.4a 
16.8a 
18.4a 
R1 
R3 
R4 
Mean 
0 . 8  
1.3 
0.9 
1. Oa 
No. of pods on node 7 
1.1 0.8 
1.1 
0 .6  
0.9a 
1.1 
1.5 
1.1a 
1.3 
1.7 
0 . 8  
1.2a 
1.0a 
1.2a 
0.9a 
R1 
R3 
R4 
Mean 
1.22 
0.49 
0.40 
0.66a 
Seed yield on node 7 (g) 
0.29 
0.48 
0.16 
0.31b 
0.24 
0.44 
0.91 
0.50ab 
0.47 
0.67 
0.29 
0.46ab 
0.53a 
0.51a 
0.41a 
^Means of the main effects of stage and rate with 
identical letter(s) are not significantly different at the 
0.05 level of probability using Duncan's multiple range test. 
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Table Al. (Continued) 
Stage 
Rate. kg/ha 
0.25 0.50 1.0 Mean 
RI 
R3 
R4 
Mean 
Seed size on node 7 (g/lOO seed) 
18.9 
17.2 
13.9 
16.5a 
13.0 
17.5 
15.0 
15.3a 
15.8 
15.4 
20.7 
17.0a 
17.5 
17.8 
16.8 
17.3a 
16.3a 
16.9a 
16. 3a 
No. of pods on node 8 
RI 
R3 
R4 
Mean 
RI 
R3 
R4 
Mean 
RI 
R3 
R4 
Mean 
1.9 
1.8 
1.5 
1.7ab 
0.87 
0.75 
0.74 
0.78a 
1.5 
2 . 2  
1.3 
1.7b 
2.1 
2.4 
2 . 2  
2.2a 
Seed yield on node 8 (g) 
0.52 
0.93 
0.74 
0.73a 
0.67 
0.91 
0.92 
0.83a 
2.1 
2.4 
1.7 
2. lab 
0 . 8 2  
0.78 
0.75 
0.78a 
Seed size on node 8 (g/lOO seed) 
18.68 
17.61 
18.72 
18.3a 
2 0 . 2 8  
17.61 
17.26 
18.4a 
13.11 
17.40 
18.72 
16.4a 
17.61 
16.43 
16.81 
16. 8a 
1.9a 
2.2a 
1.7a 
0.71a 
0.84a 
0.79a 
17.2a 
17.3a 
17.9a 
RI 
R3 
R4 
Mean 
2.6 
2.4 
1.9 
2.3b 
No. of pods on node 9 
2.3 
2.7 
2.4 
2.4ab 
2.5 
3.4 
2 . 6  
2.8a 
2 . 6  
3.0 
2 . 6  
2.7ab 
2.5b 
2. 8a 
2.3b 
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Table Al. (Continued) 
Stage 
Rate, kg/ha 
0.25 0.50 1.0 Mean 
Seed yield on node 9 (g) 
RI 
R3 
R4 
Mean 
RI 
R3 
R4 
Mean 
RI 
R3 
R4 
Mean 
1.15 
1.08 
1.11 
l.llab 
0.93 
1.13 
0.70 
0.92b 
1.06 
1.43 
1.22 
1.24a 
1.13 
1.10 
1.14 
1.12aJD 
Seed size on node 9 (g/lOO seed) 
18.5 
17.7 
16.8 
17.6a 
2.8 
2.7 
2.4 
2.6a 
17.5 
18.1 
17.4 
16.9 
19.6 
17.1 
17.7a 17.9a 
No. of pods on node 10 
2.6 
3.3 
2.7 
2 . 8  
3.3 
2.9 
2.9a 3.0a 
Seed yield on node lO (g) 
17.6 
17.0 
17.9 
17.5a 
2 . 6  
3.3 
2.7 
2.9a 
1.05a 
1.18a 
1.04a 
17. 6a 
18.1a 
17.3a 
2. 7ab 
3.1a 
2.7b 
RI 1.18 1.38 1.22 1.15 1.24a 
R3 1.28 1.57 1.63 1.27 1.44a 
R4 1.44 1.10 1.45 1.22 1.30a 
Mean 1.31a 1.35a 1.43a 1.21a 
Seed size on node 10 (g/100 seed) 
RI 17.6 19.2 17.2 18.2 18.1a 
R3 18.1 17.9 18.0 17.2 17.8a 
R4 18.3 15.9 18.8 18.1 17.8a 
Mean 18.0a 17.7a 18.0a 17.8a 
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Table Al. (Continued) 
Rate, kg/ha 
Stage 0 0.25 0.50 1.0 Mean 
No. of pods on node 11 
R1 3.0 2.9 2.8 3.2 3.0a 
R3 3.0 3.2 3.4 3.4 3.3a 
R4 2.6 2.6 3.0 3.3 2.9a 
—-2-i4?-a 2~i-9a 3-iri-a- SnrS-a—^ 
Seed yield on node 11 (g) 
R1 1.37 1.30 1.25 1.43 1.34ab 
R3 1.35 1.47 1.88 1.49 1.55a 
R4 1.36 1.12 1.11 1.19 1.20b 
Mean 1.36a 1.29a 1.41a 1.37a 
Seed size on node 11 (g/lOO seed) 
R1 18.3 18.8 18.2 19.7 18.8a 
R3 18.8 18.9 18.8 15.7 18.Oa 
R4 19.1 18.4 18.8 18.2 18.6a 
Mean 18.8a 18.7a 18.6a 17.9a 
No. of pods on node 12 
R1 2.9 3.1 2.9 3.3 3.0b 
R3 3.1 3.7 3.5 3.5 3.4a 
R4 2.9 3.0 3.7 3.3 3.2ab 
Mean 3.0b 3.3ab 3.4a 3.3a 
Seed yield on node 12 (g) 
R1 1.30 1.40 1.42 1.44 1.40b 
R3 1.44 1.85 1.91 1.49 1.67a 
R4 1.56 1.49 1.57 1.54 1.54ab 
Mean 1.45a 1.58a 1.63a 1.49a 
Seed size on node 12 (g/lOO seed) 
R1 19.1 18.6 19.2 19.2 19.Oa 
R3 19.4 19.5 19.1 16.1 18.5a 
R4 19.9 18.8 19.1 19.3 19.3a 
Mean 19.5a 19.0a 19.1a 18.2a 
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Table Al. (Continued) 
Stage 0 
Rate. kcf/ha 
0.25 0.50 1.0 Mean 
RI 
R3 
R4 
-Mean 
2.9 
2 . 8  
2.7 
_2.8b 
No. of pods on node 13 
3.1 
3.7 
3.4 
3.4a 
3.0 
3.9 
3.1 
— - 1  • . .  
2 . 8  
3.6 
3.4 
_3^a_ 
2.9b 
3.5a 
3.1b 
RI 
R3 
R4 
Mean 
Seed yield on node 13 (g) 
1.55 
1.27 
1.52 
1.44a 
1.44 
1.88 
1.37 
1.56a 
1.50 
2.06  
1.37 
1.64a 
1.48 
1.68 
1.67 
1.61a 
1.49a 
1.72a 
1.48a 
RI 
R3 
R4 
Mean 
Seed size on node 13 (g/lOO seed) 
19.4 
19.8 
19.5 
19.6a 
20.1 
19.6 
19.0 
19. 6a 
18.4 
20 .0  
17.1 
18.4a 
20.3 
18.1 
20.7 
19.7a 
19,5a 
19.4a 
19.1a 
RI 
R3 
R4 
Mean 
2.5 
2.3 
2.7 
2.5b 
No. of pods on node 14 
2.6 
3.1 
3.0 
2. 9ab 
2.8 
3.8 
3.5 
3.4a 
2.7 
2.9 
3.1 
2.9ab 
2.6a 
3.1a 
3.1a 
RI 
R3 
R4 
Mean 
1.14 
1.09 
1.54 
1.27b 
Seed yield on node 14 (g) 
1.39 
1.62 
1.33 
1.44ab 
1.35 
2.05 
1.74 
1.71a 
1.28 
1.38 
1.63 
1.43ab 
1.30a 
1.54a 
1.56a 
RI 
R3 
R4 
Seed size on node 14 (g/lOO seed) 
19.4 
19.6 
19.6 
20.7 
2 0 . 2  
17.6 
20.1 
20.1 
19.9 
20.5 
18.8 
21.1 
20.3a 
19.7a 
19.5a 
Mean 19.6a 19,5a 20.0a 20.1a 
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Table Al. (Continued) 
Stage 
Rate, kg/ha 
0.25 0.50 1.0 Mean 
No. of pods on node 15 
RI 
R3 
R4 
Mean 
RI 
R3 
R4 
Mean 
1.7 
2.0 
2.0 
.1.9c-
0.96 
0.96 
1.31 
1.09b 
2 . 2  
2.4 
2.3 
.2.3bc 
2.5 
3.1 
2.9 
2 e 8a 
1.17 
1.35 
1.07 
1.20ab 
1.38 
1.41 
1.42 
1.40a 
Seed yield on node 15 (g) 
2 . 2  
2.5 
2.7 
2. 5ab 
1.07 
1.31 
1.39 
1.25ab 
2. 2a 
2.5a 
2.5a 
1.16a 
1.25a 
1.30a 
RI 
R3 
R4 
Mean 
Seed size on node 15 (g/lOO seed) 
18.8 
19.6 
18.8 
19.1a 
2 6 . 2  
20.3 
19.0 
21.8a 
19.3 
20.4 
21.0 
20.2a 
18.2 
18.7 
19.8 
19.0a 
20.8a 
19.8a 
19.7a 
RI 
R3 
R4 
Mean 
No. of pods on node 16 
1.7 
2 . 2  
2.0 
2.0ab 
2 .0  
2 . 0  
2.1 
2. Oab 
2.3 
2.5 
2.4 
2.4a 
1.5 
2 . 2  
1.9 
1.8b 
1.9a 
2.2a 
2.1a 
RI 
R3 
R4 
Mean 
Seed yield on node 16 (g) 
0.99 
1.13 
1.08 
1.07ab 
0.99 
0.94 
1.09 
l.Olab 
1.08 
1.25 
1.13 
1.15a 
0.62 
1.04 
0.98 
0.86b 
1.92a 
1.09a 
1.07a 
RI 
R3 
R4 
Seed size on node 16 (g/lOO seed) 
19.9 
19.6 
17.1 
20.2 
19.4 
19.9 
18.9 
19.9 
20.9 
16.8 
14.4 
20.6 
19.2a 
18.6a 
19.5a 
Mean 18.8a 20.2a 19.8a 17.5a 
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Table Al. (Continued) 
Rate, kg/ha 
Stage 0 0.25 0,50 1,0 Mean 
RI 
R3 
R4 
Mean 
No, of pods on node 17 
1.6 
1.7 
1.5 
1.6ab 
1,8 
1,6 
1,8 
1.7ab 
1,9 
2,3 
1,7 
2, Oa 
0.9 
1.8 
1,6 
1.4b 
1.5a 
1.9a 
1.7a 
R1 
R3 
R4 
Mean 
Seed yield on node 17 (g) 
0.59 
0.83 
0,95 
0.8lab 
0,83 
0,62 
0,56 
0,67b 
0,87 
1,09 
0,92 
0,96a 
0,56 
0,84 
0,69 
0,68b 
0,72a 
0,85a 
0,78a 
R1 
R3 
R4 
Mean 
Seed size on node 17 (g/lOO seed) 
18,9 
18,6 
17,0 
18,1b 
21,9 
19,1 
19,7 
20,2a 
18,1 
19,6 
19,8 
19,2ab 
19,6 
21,4 
19,1 
19,9ab 
19,7a 
19.6a 
18,9a 
No. of pods on node 18 
R1 
R3 
R4 
Mean 
R1 
R3 
R4 
Mean 
0.9 
1.5 
1.5 
1.3ab 
1.5 
1.3 
1,5 
l,4ab 
1,1 
2,1 
1,7 
1,6a 
Seed yield on node 18 (g) 
0,39 
0,67 
0,77 
0,64ab 
0,65 
0,64 
0,53 
0.61b 
0,55 
1.11 
0,82 
0,83a 
0,7 
1.5 
1.3 
1.1b 
0.34 
0,83 
0,61 
0,57a 
1.1b 
1.6a 
1.5a 
0.49b 
0.82a 
0,68ab 
R1 
R3 
R4 
Seed size on node 18 (g/lOO seed) 
16,9 
19,0 
19.9 
15.8 
15.9 
18,4 
17,0 
18,9 
19,3 
17,6 
19.2 
20.3 
16, 8a 
18.2a 
19,5a 
Mean 18,8a 16,7a 18,4a 19,0a 
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Table Al. (Continued) 
Rate, kg/ha 
Stage 0 0.25 0.50 1.0 Mean 
No. of pods on node 19 
R1 0.7 0.9 0.8 0.4 0.7b 
R3 1.1 0.9 1.6 0.9 1.2a 
R4 1.3 1.0 1.2 1.1 1.2a 
Mean l.lab 0.9ab 1.2a 0.8b 
Seed yield on node 19 (g) 
R1 0.55 0.41 0.41 0.19 0.37a 
R3 0.52 0.44 0.69 0.40 0.52a 
R4 0.71 0.46 0.49 0.42 0.51a 
Mean 0.59a 0.44bc 0.53ab 0.33c 
Seed size on node 19 (g/lOO seed) 
R1 20.9 20.2 16.5 19.6 19.1a 
R3 17.5 19.2 18.7 16.5 18.1a 
R4 18.1 18.4 20.1 19.2 19.0a 
Mean 18.5a 19.3a 18.5a 18.6a 
No. of pods on node 20 
R1 0.6 0.7 0.8 0.2 0.6a 
R3 0.7 0.8 1.0 0.6 0.8a 
R4 1.0 1.0 0.8 0.7 0.9a 
Mean 0.8ab 0.8a 0,9a 0.5b 
Seed yield on node 20 (g) 
R1 0.24 0.31 0.31 0.13 0.25a 
R3 0.34 0.30 0.44 0.35 0.36a 
R4 0.57 0.31 0.23 0.19 0.31a 
Mean 0.41a 0.31ab 0.33ab 0.21b 
Seed size on node 20 (g/lOO seed) 
R1 18.0 18.9 14.0 23.6 18.7a 
R3 17.8 18.6 17.7 15.9 17.6a 
R4 18.3 17.3 19.6 14.2 17.3a 
Mean 18.la l8.3a 17.0a 18.la 
